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Nonalcoholic Steatohepatitis: A Rapidly Increasing
Indication for Liver Transplantation in India
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Background and aims:Recently, there has been a considerable increase in patients with nonalcoholic fatty liver dis-
ease. Availability of high-efficacy drugs for hepatitis B and hepatitis C virus (HCV) infection may have changed
the disease prevalence. We aimed to study the impact of this changing epidemiology in patients undergoing liver
transplantation (LT) over a 10-year period. Methods: The study population was stratified into Period 1 (2009–
2014) and Period 2 (2015–2019). Demographics, indications for LT and changes in the epidemiology between
two periods were analysed. Aetiology-based posttransplant survival analysis was carried out. Results: Indication
for LT among 1017 adult patients (277 in Period 1 and 740 in Period 2) showed a significant increase in nonal-
coholic steatohepatitis (NASH; 85 [30.7%] and 311 [42%]; P = 0.001), decrease in hepatitis C (49 [17.7%] and 75
[10.1%]; P = 0.002), and increase in hepatocellular carcinoma from Period 1 to Period 2 (13 [26.5%] to 38
[50.7%]; P = 0.009) among HCV patients. Patients transplanted for NASH had a lower 5-year survival compared
with viral hepatitis (75.9% vs 87.4%; P = 0.03). There was a strong association between coronary artery disease and
NASH (hazard ratio = 1.963, 95% confidence interval, 1.19–3.22). Conclusion: NASH is the leading indication for
liver transplantation in India, surpassing viral hepatitis in recent years. ( J CLIN EXP HEPATOL 2022;12:908–916)
Liver transplantation (LT) is the only curative therapy
for patients with end-stage liver disease (ESLD).
Nevertheless, there remains a wide geographical

variation in the aetiology of chronic liver disease (CLD)
across the globe.1 Chronic hepatitis B virus (HBV) infec-
tion is more prevalent in Asia and Africa (0.7–22.3%)
compared with the West.2 However, chronic hepatitis C vi-
rus (HCV) infection prevails between 1% and 4% and is
more common in central Asia and Japan.3 Alcohol-related
liver disease (ALD) is a major problem worldwide and re-
mains the most common indication for LT in the United
Kingdom.4,5 In contrary, hepatitis C was the most com-
mon indication for LT in the United States until 2014
but showed a steady decline in the recent years.6,7 There
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has been a recent increase in patients with nonalcoholic
fatty liver disease/nonalcoholic steatohepatitis (NAFLD/
NASH) along with obesity and metabolic syndrome.8

This aetiological heterogeneity may influence the indica-
tions and outcomes of LT.

The practice of LT is unique in Asia, with an asymmet-
rical growth of living donor LT (LDLT). This procedure is
well embraced across Asian countries because of a multi-
tude of factors, which include a higher liver disease burden,
lack of an organised system for identification and distribu-
tion of deceased donor organs, cultural and religious bar-
riers to the widespread acceptance of brainstem death
and deceased donation and the presence of individual sur-
gical practices.9,10 With a greater availability of deceased
donor organs, the demand and hence the number of
LDLT in the West has traditionally been lower than in
the East.11–13 HBV-related ESLD is the leading indication
for LT in this part of the world, exception being Japan
where it is predominantly primary biliary cholangitis
followed by HCV.14 Interestingly, there has been a change
in the epidemiology of patients with CLD. The introduc-
tion of potent antiviral therapy, in particular, direct-acting
antiviral (DAA) drugs, has altered the course of chronic
HCV-infected patients. Amongst the noncommunicable
disease, NAFLD has emerged as the most common cause
of CLD. Currently, 24–30% of the general population is
estimated to have NAFLD. In 20% of patients with NAFLD,
the disease progresses to NASH and in some patients to
cirrhosis over a period of 10–15 years.8 This dynamic
vier B.V. All rights reserved.
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evolution in the epidemiology of CLD may influence pa-
tients undergoing LT.

We aimed to study the impact of this changing epidemi-
ology in patients with ESLD who underwent LT over a 10-
year period and re-evaluate the relevance of this paradigm
shift in the practice of LT.
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METHODOLOGY

A retrospective, observational study on all adult patients
who underwent LT in our unit from November 2009 to
December 2019 was carried out following Institute's inter-
nal ethical committee approval. Patients transplanted for
acute liver failure, paediatric population, retransplantation
and combined liver-kidney transplantation were excluded.
In India, DAA therapy for HCV was introduced in 2014;
hence, the study population was stratified into two time
categories: 2009–2014 (Period 1) and 2015–2019 (Period
2). Demographics, type of transplant (LDLT or deceased
donor LT [DDLT]), disease aetiology and comorbidities
were analysed between the two periods. The diagnosis of
NASHwas based on the availability of clinical information,
including any of previous records, radiological modalities
or presence of metabolic risk factors such as diabetes mel-
litus (DM) or obesity in the absence of excessive alcohol
consumption (>20 units per week for men and more
than 14 units per week for women). Diagnosis of hepato-
cellular carcinoma (HCC) was based on abdominal imag-
ing, such as a triphasic computerised tomography or
diffusion-weighted magnetic resonance imaging per-
formed as part of liver transplant evaluation. A subgroup
analysis of patients with HCC with respect to their disease
aetiology was carried out. Furthermore, preoperative cardi-
ometabolic risk profile such as body mass index (BMI),
DM, dyslipidaemia and coronary artery disease (CAD) of
the study population was analysed. Patients with increased
risk for CADunderwent coronary angiogram as themodal-
ity of investigation. These patients were further stratified
into high-risk CAD (left anterior descending
[LAD] > 70% block, double vessel disease, triple vessel dis-
ease and history of percutaneous coronary intervention
or coronary artery bypass graft) and low-risk CAD (LAD
<70% block, single vessel disease). High-risk CAD patients
underwent coronary artery intervention before LT. Post-
transplant 1-,3-, and 5-year posttransplant patient survival
according to the disease aetiology was calculated.
Figure 1 Flowchart illustrating selection of study population.
STATISTICAL ANALYSIS

Data were analysed using SPSS v 21.0. Mean, standard devi-
ation, frequency and percentage of variables were calculated.
Associations between variables were determined using
Fisher's exact test. For continuous variables, median differ-
ences were examined by Mann–Whitney U test. Cox regres-
sion analysis was used to explore the effect of several
Journal of Clinical and Experimental Hepatology | May–June 2022 | Vol. 12
variables on the time to a specified event occurred, provided
that the assumptions of Cox regression were met. A predic-
tive model was built to assess better estimates of survival
probabilities and cumulative hazard. Significant risk factors
from the univariate analysis were identified and incorpo-
rated into multivariate Cox regression analysis after consid-
ering confounding variables. The survival function and the
regression coefficients for the predictors were estimated
from the observed subjects. The Kaplan–Meier method was
used to estimate patient survival of our study cohort. The
log rank (Mantel–Cox) test was used to calculate survival be-
tween the study groups. The results were considered statisti-
cally significant when the P value was <0.05.
RESULTS

A total of 1469 patients underwent LT between November
2009 and December 2019. After exclusion, we identified
1017 adult patients, of whom 277 in Period 1 (2009–
2014) and 740 in Period 2 (2015–2019; Figure 1).

Patient demographics are listed in Table 1. There was no
statistical difference in the sex ratio (M:F, 4.9:1 vs 3.8:1; P =
0.185), BMI (25.8 vs 25.7 kg/m2; P = 0.971), type 2 DM (96
[34.7%] vs 268 [39.2%]; P = 0.187), hypertension (53 [19.1%]
vs 141 [20.6%]; P = 0.658) and CAD (37 [13.4%] vs 77
[11.3%], P = 0.379); whereas age (median 51 [interquartile
range (IQR) 43–57] vs 53 [IQR 44–59] years; P = 0.018),
model for end-stage liver disease (MELD) score (median,
15 [IQR 11–20] vs 17 [13–22]; P = 0.005), LDLT (183
[66.1%] vs 578 [78%], P = 0.000), and DDLT (94 [33.9%]
vs 162 [22%], P = 0.000) were significantly different between
Period 1 and Period 2, respectively.
| No. 3 | 908–916 909



Table 1 Comparison of characteristics Between Period 1
(2009–2014) and Period 2 (2015–2019).

Variables Period 1
(2009–2014)
(n = 277)

Period 2
(2015–2019)
(n = 740)

P value

Sex ratio (M:F) 4.8:1 3.7:1 0.185

Age (years),
median (IQR)

51 (43–57) 53 (44–59) 0.018

MELD, median
(IQR)

15 (11–20) 17 (13–22) 0.005

BMI, median
(IQR)

25.76 (23.24–28.60)25.68 (23.05–28.94) 0.971

LDLT, n (%) 183 (66.1%) 578 (78%) 0.000

DDLT, n (%) 94 (33.9%) 162 (22%)

Diabetes
mellitus, n (%)

96 (34.7%) 268 (39.2%) 0.187

Systemic
hypertension,
n (%)

53 (19.1%) 141 (20.6%) 0.658

Coronary artery
disease, n (%)

37 (13.4%) 77 (11.3%) 0.379

MELD, model for end-stage liver disease; DDLT, deceased donor liver
transplantation; LDLT, living (related) donor liver transplantation.

Table 2 Comparative Analysis of Indications for Liver
Transplantation Between Two Study Periods.

Disease aetiology Period 1
(n = 277) (%)

Period 2
(n = 740) (%)

P value

NASH 85 (30.7%) 311 (42%) 0.001

Hepatitis B 45 (16.2%) 104 (14.1%) 0.550

Hepatitis C 49 (17.7%) 75 (10.1%) 0.002

Alcohol 62 (22.4%) 137 (18.5%) 0.183

Autoimmunea 14 (5.1%) 60 (8.1%) 0.104

Othersb 22 (7.9%) 53 (7.2%) 0.089

HCC 52 (18.8%) 147 (19.9%) 0.723

NASH, nonalcoholic steatohepatitis; HCC, hepatocellular carcinoma.
aAutoimmune hepatitis, primary biliary cholangitis, primary sclerosing
cholangitis and overlap syndrome.
bDrug-induced liver injury, Budd Chiari syndrome, failed Kasai, and Wil-
son’s disease.
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Indications for Liver Transplantation
Analysis of indications for LT between two study periods
are shown in Table 2. There was a statistically significant
increase in patients with NASH (85 [30.7%] vs 311 [42%];
P = 0.001) and a decrease in patients with hepatitis C (49
[17.7%] vs 75 [10.1%]; P = 0.002) from Period 1 to Period
2, respectively. There was no difference in patients with
hepatitis B (45 [16.2%] vs 104 [14.1%]; P = 0.372), ALD
(62 [22.4%] and 137 [18.5%]; P = 0.183), autoimmune liver
disease (14 [5.1%] and 60 [8.1%]; P = 0.104) and HCC pa-
tients (52 [18.8%] and 147 [19.9%]; P = 0.723) between dur-
910 © 2021 Indian National Associa
ing the same study period, respectively. Figure 2 illustrates
the changes in disease epidemiology in our study cohort
from 2009 to 2019. A subgroup analysis in patients who
underwent LDLT (n = 761) between Period 1 (n = 183)
and Period 2 (n = 578) also showed an increase in NASH
(49 [26.8%] to 242 [41.9%; P < 0.01]) and a decrease in hep-
atitis C (38 [20.8%] and 61 [10.6%; P = 0.001)), respectively.

Hepatocellular carcinoma
We evaluated the cause of liver disease in HCC patients
who underwent LT (n = 199), with 52 (18.8%) and 147
(19.9%) in Period 1 and Period 2, respectively. Demo-
graphics showed HCC patients were older (median, 57
[IQR, 52–63] vs 51 [IQR, 42–57] years; P = 0.000), had lower
MELD (median, 11 [IQR 8–15] vs 17 [13–22]; P = 0.000),
and a trend toward type 2 DM (83 [43.7%] vs 281
[36.5%]; P = 0.079) in comparison with non-HCC patients.
Analysis of disease aetiology showed an increase in HCC
from Period 1 to Period 2 (13 [26.5%] to 38 [50.7%]; P =
0.009) among HCV patients who underwent LT, whereas
no difference in NASH (18 [21.2%] vs 62 [19.9%]; P =
0.879), hepatitis B (16 [35.6%] vs 37 [35.6%]; P = 1.0) and
ALD (5 [9.6%] vs 8[5.4%]; P = 0.548) related HCC between
the two periods, respectively (Table 3).
Cardiometabolic risk profile in NASH
Preoperative cardiometabolic risk profile of patients who
underwent LT from 2009 to 2019 with complete cardiac
data set (n = 960) was evaluated. Patients were classified
into NASH (n = 372; 38.8%) and non-NASH (n = 588;
61.2%) group. Univariate analysis of risk factors associated
with NASH in these patients is illustrated in Table 4. There
was a significant difference in age (median 56 [IQR 49.75–
61] vs 49 [IQR 40–56] years; P = 0.000), patients with type 2
DM (203 [54.6%] vs 161 [27.4%]; P = 0.000), hypertension
(93 [25%] vs 101 [17.2%]; P = 0.004), history of smoking
(50 [14%] and 149 [25.9%]; P = 0.000), CAD (65 [17.5%]
vs 49 [8.3%]; P = 0.000), MELD (median 16 [12–20] vs 17
[12–22]; P = 0.053), and HbA1c (5.2 [5.0–6.9] vs 5 [4.5–
6.0]; P = 0.000), between NASH and non-NASH patients,
respectively. A Cox regression analysis of these factors
found a strong association between CAD and NASH (haz-
ard ratio [HR] = 1.963, 95% confidence interval [CI] 1.19–
3.32; P = 0.00). A subgroup analysis of patients who under-
went LDLT (n = 761) also showed a higher incidence of
CAD in NASH compared with non-NASH patients (48
[16.5%] vs 35 [7.4%]; P = 0.000), respectively.

CAD: NASH vs non-NASH
Overall, CAD was observed in 114 (11.9%) patients, of
whom 65 (57%) had NASH. These patients were further
stratified CAD into high-risk (n = 51) and low-risk CAD
(n = 63). High-risk CAD patients underwent percutaneous
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 2 Liver Transplantation between Period 1 (2009-2014) and Period 2 (2015-2019) based on disease etiology.

Table 3 HCC Trend Based on the etiology of Liver Disease
Between Period 1 and Period 2.

HCC Period 1 Period 2 P value

NASH

n = 85 (%) n = 311, (%)

NASH HCC 18 (21.2) 62 (19.9) 0.879

Hepatitis B

n = 45 (%) n = 104, (%)

Hepatitis B HCC 16 (35.6) 37 (35.6) 1.0

Hepatitis C

n = 49 (%) n = 75 (%)

Hepatitis C HCC 13 (26.5) 38 (50.7) 0.009

HCC: hepatocellular carcinoma; NASH: nonalcoholic steatohepatitis.
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balloon angioplasty along with coronary artery stent inser-
tion before LT. Patients with high-risk CAD were signifi-
cantly more in the NASH than non-NASH group (27
[7.3%] vs 24 [4.1%]; P = 0.000).
Survival analysis
Finally, 1-,3- and 5-year patient survival of our study pop-
ulation showed NASH 86.6%, 81.8% and 75.9%; hepatitis B
93.5%, 88.5% and 88.5%; hepatitis C 91.3%, 86.1% and
86.1%; and ALD 86.0%, 82.9% and 79.7% (P = 0.139), respec-
tively, as illustrated in the Kaplan–Meier curves (Figure 3).

Patients transplanted for NASH had a lower 5-year sur-
vival compared with those transplanted for viral hepatitis
(75.9% vs 87.4%, P = 0.03), with an HR of 1.67 and 95%
CI of 1.04–2.69 compared with non-NASH patients.
Furthermore, year-on-year 1-year survival since the start
Journal of Clinical and Experimental Hepatology | May–June 2022 | Vol. 12
of our liver transplant program showed a significantly
improved survival from 75% to 91.9% (P = 0.001) from
2009 to 2019. First-year survival based on disease aetiology
showed viral hepatitis (85.7%–100%; P = 0.091), NASH
(62%–86.9%; P = 0.002), and ALD (75%–96.3%; P = 0.647)
from 2009 to 2019, respectively. A univariate analysis
showed sepsis (HR 2.3, 95% CI 1.3–4.1; P = 0.004) and graft
dysfunction (HR 5.3, 95% CI 1.7–16.2; P = 0.003) for lower
survival in patients transplanted for NASH. A multivariate
logistic regression analysis identified sepsis (HR 2.8, 95% CI
1.09–7.58; P = 0.031) as the significant risk factor associ-
ated with lower survival in NASH patients who underwent
LT. Interestingly, the majority of septic complications were
observed in the early postoperative period.
DISCUSSION

Evolving indications for LT
NAFLD emerged as the most common CLD causing signif-
icant healthcare burden worldwide. Despite effective anti-
viral therapies, viral hepatitis continues to be a major
cause of CLD. This study based on the data from our Insti-
tute of Liver disease and transplantation in Chennai, India,
clearly demonstrates a substantial increase inNASHover the
last 10 years in patients with ESLD undergoing LT. Dy-
namic alterations in the epidemiology of CLD may have a
similar propensity in patients with ESLD. NASH as an indi-
cation for LT was first recognised in the last decade. In an
earlier study from Japan, NASH represented 1.6% of patients
undergoing an LT.15 A longitudinal study by Charlton et al.
identified NASH as the third leading indication for LT after
hepatitis C and ALD. Interestingly, there was a substantial
| No. 3 | 908–916 911



Table 4 Univariate Analysis of Variables Between NASH and
Non-NASH Patients.

Risk factors NASH
(n = 372), median

(IQR)

Non-NASH
(n = 588), median

(IQR)

P value

Age
(years)

56 (49.75–61) 49 (40–56) 0.000

M:F 4.3:1 3.6:1 0.254

BMI 26.08
(23.53–29.46)

25.52
(22.84–28.65)

0.084

MELD 16 (12–20) 17 (12–22) 0.053

HbA1c 5.2 (5–6.9) 5 (5–6) 0.000

Total
cholesterol (mg/
dL)

110 (82–135) 104 (69–133.25) 0.050

Triglycerides (mg/
dL)

69 (52–89) 68 (52–92) 0.947

HDL
(mg/dL)

32 (19–43) 26 (14–38) 0.00

Type 2 diabetes
mellitus

203 (54.6%) 161 (27.4%) 0.000

Systemic
hypertension

93 (25%) 101 (17.2%) 0.004

Coronary artery
disease

65 (17.5%) 49 (8.3%) 0.000

Hypothyroidism 41 (11.1%) 41 (7%) 0.032

Alcohol 65 (18.3%) 223 (38.8%) 0.000

Smoking 50 (14%) 149 (25.9%) 0.000

BMI: body mass index; IQR: interquartile range; MELD: model for end-
stage liver disease; NASH: nonalcoholic steatohepatitis.
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increase in NASH from 1.2% to 9.7% between 2001 and
2009.16 Similarly, the United Network for Organ Sharing
(UNOS) database study of 127,164 patients between 2004
and 2016 revealed significant changes in disease trends in
patients with decompensated cirrhosis undergoing LT.
With hepatitis C and NASH showing 68% reduction and
97% increment, NASH emerged as the second leading indi-
cation for LT. Importantly, NASH was higher among
women and Asian patients undergoing LT.17,18 In patients
waitlisted for LT from the Scientific Registry of Transplant
Recipients (SRTR) database (1994–2016), there was a
notable increase in the number of NASH patients (8.3%–
19.5%) from 2002 to 2016.19 Intriguingly, even with this in-
crease, O'Leary et al. showed that NASH patients were less
likely to receive LT, probably alluding to their age of presen-
tation, presence of obesity and other comorbidities.20 In a
more recently publishedEuropeanLiver TransplantRegistry
(ELTR) database, despite the increase inNASH from 1.2% to
8.4% from 2002 to 2016, ALD remained the most common
indication for LT.21 Our study clearly demonstrates NASH
(42%) as the most common indication for LT, particularly
from the year 2015.
912 © 2021 Indian National Associa
Studies from India showed a 16.6%–24.9% prevalence of
NAFLD based on abdominal ultrasound.22,23 A large sin-
gle-centre epidemiological study from India on 4331 hos-
pitalised cirrhotic patients from 2005 to 2017 identified
alcohol (63.3%, n = 2742) as the most common cause of
cirrhosis followed by viral hepatitis (19.8%, n = 858) and
NAFLD (16.9%, n = 731). From 2005 to 2017, there was a
decline in patients with viral hepatitis (39.4%–14.6%),
without much changes in the NAFLD group (23.6%–
23.3%).24 Although our study shows a decline in HCV,
there was a substantial increase in NASH in patients for
LT. A small study from our Tamil Nadu state in South In-
dia revealed ALD followed by chronic hepatitis B infection
but not NASH, as common causes of CLD.25

In India, DAA therapy became available in 2014; hence,
we chose 2009–2014 as Period 1 and subsequent years as
Period 2 for this study purpose. Our study shows a reduc-
tion in patients transplanted for chronic HCV between
Period 1 and Period 2 (17.1% vs 10.1%, P = 0.002) in corre-
lation with the advent of DAA for the treatment of chronic
HCV infection in India. These drugs have made a consider-
able paradigm shift in the management of chronic hepati-
tis C infection. Introduction of protease inhibitors, later
polymerase inhibitors and subsequent pangenotypic poly-
merase inhibitors have increased sustained virological
response (SVR) significantly to over 95% with an excellent
safety profile.26–30 SVR has consistently improved several
aspects of HCV-related complications. Achieving SVR has
strongly shown to reduce the chance of liver disease
progression with reduction in portal pressure and death
by 74%.31,32 Several studies showed a significant improve-
ment in MELD score, leading to delisting of patients wai-
tlisted for LT. In a study involving 409 patients with
HCV ESLD, the mean MELD score decreased by 0.85
within 6 months (P < 0.0001) with reduced episodes of he-
patic decompensation (3.7% vs 10%, P = 0.009) in patients
who achieved SVR compared with untreated
patients.33 Importantly, a cohort study from SRTR data-
base found a 32% reduction in the HCV LT waitlist after
achieving SVR, explaining the key role of DAA therapy in
these patients.34 Our results concurs with these studies,
but in addition, we demonstrate a significant increase in
patients with NASH undergoing LT from 2015 onwards.

HCC
In HCV patients undergoing LT, we observed a relative but
significant increase in HCC from Period 1 to Period 2
(26.5%–50.7%, P = 0.009). In comparison, there was no dif-
ference in NASH-related HCC between the study period
(21.2% vs 19.9%; P = 0.879). Chronic hepatitis C is the lead-
ing cause of HCC, with 2–8% annual incidence in patients
with cirrhosis. HCV-related HCC is the leading indication
for LT in the West.35 Controversies exist between risk of
HCC and SVR. Achieving SVR has been shown to reduce
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 3 Kaplan-Meyer survival curves: 1-, 3- and 5-year survival after Liver transplantation based on their disease indications.
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HCC from 17.8% to 4.2% in the peg-Interferon
era.36 Unfortunately, initial reports showed a higher inci-
dence ofHCC after achieving SVR afterDAA therapy. Conti
et al. followed HCV cirrhotic patients treated with DAA
therapy for 24 weeks and detected new HCC in 7.6% of pa-
tients, which was higher than the annual incidence of HCC
in HCV untreated patients.37 Incidence of HCC in HCV cir-
rhotics after SVR was reported between 3.16 and 9.1%.38 In
addition, the incidence ofHCC recurrence after resection or
ablation was 25–30% higher in HCV-treated
patients.39 Similar explanation could justify the reason
behind the increase in HCV-related HCC in Period 2 of
our study population. Other possibility is the increased
longevity of cirrhotic patients following viral clearance
with higher chance of developing HCC. A simpler explana-
tion could be the relative reduction in hepatic decompensa-
tion after DAA therapy selecting out HCC in HCV patients.
A number of studies refuted the added risk of HCC in HCV
patients after DAA therapy. In the largest Veterans Affairs
Healthcare System database, follow-up study involving
62,354 chronic hepatitis C treated with a mean follow-up
of 6.1 years showed a 71% reduction in HCC after SVR irre-
spective of the type of antiviral therapy.40 In a 10-year study
by Sadler et al., 60 (6.5%) and 522 (60.2%)HCCpatients were
transplanted for NASH and HCV, respectively.41 HCV-
related HCC declined along with reduction in chronic
Journal of Clinical and Experimental Hepatology | May–June 2022 | Vol. 12
HCV infection. A meta-analysis of 41 studies on HCV pa-
tients treated with DAA also confirmed 63% reduction in
the development of HCC.42

With increasing global prevalence of metabolic syn-
drome, NASH-related HCC would be an important health
care issue.43 HCC occurs in 2.6% of NASH patients and is
increasing worldwide.44 A large population (4046 pa-
tients)-based study from 2011 identified NASH (58.5%)
as the most common cause of HCC.45 However, this inter-
pretation has not yet translated in patients for LT. It would
be interesting to observe the influence of changing epide-
miology of CLD impacting HCC in the near future.

Coronary artery disease
Analysis of cardiometabolic risk profile of our study popu-
lation (2009–2019) showed NASH patients undergoing LT
were older (P = 0.000), overweight (P = 0.084), with type 2
DM (P = 0.000), hypertension (P = 0.004) and, importantly,
higher CAD (P = 0.000). NASH and CADmay have a strong
association between, with 65% increase in cardiac
events.46 A meta-analysis showed considerably higher
(OR 2.05, P < 0.0001) cardiovascularmorbidity andmortal-
ity in patients with NAFLD.47 In fact, cardiovascular dis-
ease is the most common cause of death in patients with
metabolic syndrome, particularly in the younger age
group.48,49 A Cox regression analysis of our data showed
| No. 3 | 908–916 913
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a strong association between CAD and NASH (HR.1.96,
95% CI 1.19–3.32; P = 0.08). Our data support that
NASH patients undergoing LT carry a higher cardiometa-
bolic risk by virtue of their comorbidities.

NAFLD and CAD may not just be a mere association,
and it is possible that NASH increases the risk of
CAD.50 A systematic review by Sookian et al. showed a
strong correlation between carotid artery intimal thickness,
cholesterol plaques and NAFLD.51 Carotid artery intimal
thickness is a surrogate marker of atherosclerosis and is
associated with cardiac events.52 NAFLD has been associ-
ated with increased coronary artery calcium score, dysregu-
lated coronary artery function and reduced coronary blood
flow.53,54 A large meta-analysis with 164,494 participants
showedNAFLDwas associated with increased cardiovascu-
lar disease (OR 1.81). In addition, the meta-analysis clearly
demonstrated fatal (OR 2.58) and nonfatal cardiovascular
events in patients with NASH.46 Treating clinicians may
encounter such high-risk NASH patients imposing addi-
tional risk in the pre- and post-transplant period.

NASH: postliver transplant survival
In this study, we found lower 5-year survival in NASH pa-
tients compared with those transplanted for viral hepatitis
(75.9% vs 87.4%; P = 0.03; HR 1.67, 95% CI 1.04–2.69).
Similar to our study, a recent large ELTR analysis showed
1- and 5-year survival of 84.1% and 73.4% in patients trans-
planted for NASH cirrhosis,22. Likewise, a large UNOS
database analysis showed 1-, 3- and 5- year survival of
87.6%, 82.2% and 76.7%, respectively, in patients trans-
planted for NASH.55 In contrary to our results, a large
US database study from a slightly earlier period (2003–
2014) revealed a higher 5-year post-LT survival in NASH
compared with HCV (77.8% vs 72.1% P < 0.001).56

Our study clearly shows that NASH is the leading indi-
cation for LT in India, surpassing viral hepatitis in recent
years. This may be as a result of striking increase in the
overall prevalence of obesity and metabolic syndrome
coupled with the reduction in chronic hepatitis C infec-
tion. An increase in patients with NASH undergoing LT
is a major concern because of its association with comor-
bidities such as obesity, DM and CAD. This is a clear warn-
ing that in future, we would encounter these high-risk
patients posing challenges to the liver transplant team.
Multidisciplinary efforts should be taken at the primary
care level to curtail obesity, NAFLD and metabolic syn-
drome in the society.
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